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AUTOMATED INCUBATING AND IMAGING SYSTEM FOR A 
DISPOSABLE MICROORGANISM CULTURING DEVICE 



5 TECHNICAL FIELD 

This invention relates to a method and apparatus for queuing and 
moving multiple amilar objects for imaging, particularly to aUow coundng a number of 
distinct elements in the images so obtained. Jn particular, it relates to microbiological 
testing and improvements in the handling and reading of disposable microoxganism 
10 culturing devices. 

BACKGROUND OF THE INVENTION 

Different methods and devices are known for counting microoi]^^ 
colonies in, for escample petri dishes or in di^osable microorganism cultunng devices 

15 I such as FETRIFILM culture plates, manu&ctured by Minnesota IVfimng and 
Manufacturing Company, St Paul, Minnesota (3M). In the latter case, such devices 
have a very thin layer of growth medium, maldng all colonies visible with surface 
illumination. Manual counting of colonies on such a culture plate by trained laboratory 
personnel is well-known; typically a plate will be inoculated and marked as to the source 

20 of the inoculant, stacked togedier with similar samples, and placed into an incubator. A 
manual inspection and counting is typically performed after a period of abcuit 24 hours. 
This metiiod has known disadvantages, particularly the costs assodated i^th the use of 
skilled technidans to perform the time-consunung task of manual counting, as well as 
the limited accuracy of the counts adueved. 

25 Also desirable in the matter of microbiolo^cal counting is the early 

detection of colomes, particularly when food products are being tested. If food product 
samples indicate excessive contammation, the product must often be discarded. Reliable 
early detection of excessive contanunation in the range of 6 to 12 hours after inoculation 
would be welcomed because it would aDow identification of contaminated products 

30 early in processing, thereby avoiding additional expenses incurred in processing product 
that will be discarded and pos^ly contaminating additional product by runnmg it 
throu^ contaminated processing equipment. 

U.S. Patent application s^al number 08/061,678, filed May 14, 1993, 
METHOD FOR THE EARLY DETECTION OF COLONY GROWTH, reports 

35 inq)rovanents in colony counting in, e.g., a cUsposable miooorganism culturing media 
having a substantially planar substrate. These inchide scanning and ima^g the 
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inoculated sui&ce more than once and procesdng the images to produce a scaled time 
lapse image. Processing this scaled time lapse image allows the idratification of hit 
pixels which can be clustered to identify the appearance of colonies. Thus eariy 
indication of colony growth may be obtained. 
5 U.S. Patent application serial number 08/272,996, filed July 14, 1994, 

A TECHNIQUE TO COUNT OBJECTS IN A SCANNED IMAGE, reports a metfiod 
and an apparatus for automated counting. However, a limitation on the reported 
apparatus is the physical properties of the disposable microoiganism culturing media. 
The disposable culturing media would be difficult to manipulate and index for accurate 
10 imaging over repeated cycles. U.S. Patent application serial number 08/240,846, filed 
May 1 1, 1994, CASSETTE FOR DISPOSABLE MICROORGANISM CULTURING 
MEDIA AND AUTOMATED SCANNING S YSTEH reports an apparatus adapted 
to automated counting of disposable culturing media. 

15 SUMMARY OF THE INVENTION 

, The present invention overcomes the above identified limitations by 

allowing planar substrates to be more accurately moiutored under automatic control. Li 
one aspect, the invention includes an apparatus fi^r countmg microoiganism colonies on 
at least one disposable microorganism culturing medium having a substantially planar 

20 substrate. Each of these substrates is adapted to be held and supported within a holder. 
The apparatus has an imaging means for detecting colonies on the substantially planar 
substrate. Cooperating with the imaging means is a holder positioning means for storing 
and queuing one or more of the holders. The holder positioning means is adapted fyr 
moving the holders sequentially into a predetenmined po^on rdative to the imaging 

25 means so that images can be obtained. The imaging means coopmtes with a counting 
means for counting the colonies u^g information fiom scvml images provided by the 
ima^g means taken at different times as the portioning means cycles the holders past 
the predetermined location to be imaged. 

A preferred holder for supporting the substantially planar substrates is 

30 conveniently made with a generally planar bottom having a side wall attached thereto. 
The side wall has an overiianging portion parallel to said bottom for removably 
restraining the substantially planar substrate adjacent to the bottom of the holder. In a 
parttculariy preferred embodiment, the side wall has a gap positioned so as to facilitate 
placing the substantially planar substrate between the bottom and the overhan^ng 

35 portion. Convenientiy, one or more projections are provided, attached to the bottom, 
positioned where the stiffii^ of the substantially planar substrate uiges it into a position 
so as to be restrained within said holder, but where the substantially planar substrate may 
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be bent to pennit withdrawal of the substantiaUy planar substrate from the hoido: over 
the projection. To fiicilitate such bending of the substantially planar substrate, it is 
preferred to provide a cut-out vnthin the bottom adjacent to the gap in the side wall. 

The holder positioning means includes a frame defining a first queuing 
S area and a second queuing area. These queuing areas will conveniently be sized to 
support and contain a stack of the above described holders. In preferred embodiments 
each of these holders will be supported within the stack in a tray which is sized to 
closely, but not bindingly, receive the holder. A hoist means is provided for lifting the 
stack of trays within the first queuing area, and a detent nieans is provided adjacoit the 

10 hoist means so that the stack vdthin the first queuing area may be lifted and held 
temporarily. A first conveyor means is provided for displacing a tray at the bottom of a 
stack within said second qu^ing area to the bottom of the first quwing area into the 
space provided when the rest of the stack of trays within the first queuing area is being 
held in a raised portion by the detent means. A second conveyor means is provided for 

1 5 moving a tray at the top of a stack of trays within the first queuing area to the top of said 
second queuing area. A motive means is provided for operating the various mechanical 
expecfients above described in the proper order and manner to accomplish the task of 
moving tr^s bearing the appropriate holder to the predetermined position when 
required for ima^g. 

20 To facilitate the use of the apparatus^ the holder positioning means will 

also have means for inserting an additional holder into an empty tray vntbin the stack of 
trays supported by the fi^e, and means for removing a selected holder fix>m a tray 
within the stack. In a preferred embodiment, the firame will be enclosed withm an 
incubator, and the insertion and removing means will operate through the incubator 

25 enclosure. ; 

The imaging means includes a source producing light striking an 
upper surftice of a substantially planar substrate which is in a holder in the predetermined 
position. Conveniently, a video camera will be positioned so as to view a substantially 
planar substrate which is in a holder in that predetermined position. 

30 In a second aspect, the invention include a method of counting 

microorganism colonies on at least one disposable microorganism culturing medium 
having a substantially planar substrate. The method includes at least the steps of. 

a) providing one or more holders adapted to support the 
substantially planar substrates; 

35 b) queuing and moving the holders sequentially into a 

predetermined position; 
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c) imaging the substantially planar substrates in that predetemuned 
poation and storing information about the images so obtained; 

d) comparing images taken from each one of said substantially 
planar substrates at two or more predetermined times; and 

5 e) providing a count of microorganism colonies on each of the 

substantially planar substrates using the information obtained from the comparisons. In 
most contemplated uses, the method will also include the step of incubating the 
substantially planar substrates between the predetermined times. 

In a third aspect, the invention may be considered to be rdated to the 
10 holder described above per se^ with it*s special utility in supporting the substantially 
planar substrates. 

A feature of the invention is the use of holders for substantially planar 
substrates, and a frame with trays to manipulate and queue the holdm. 

An advantage of the invention is that a more accurate indication of 
IS colony appearance may be obtained at an earlier time» with more of the testing fiinctions 
being performed automatically. 

BRIEF DESCRIPTION OF TBE DRAWINGS 
A more complete understanding of the invention and its advantages will 
20 be apparent from the Detailed Description taken in conjunction with the accompanying 
Drawings, in which: 

Fig. 1 is a perspective view of a holder according to the preset 
invention, suitable for supporting a disposable microorganism culturing medium having 
a substantially planar substrate; 
25 Fig. 2 is a top plan view of the hold^ of Fig. 1; 

Fig. 3 is an end view of the holder of Fig. 1; 
Fig. 4 is a perspective view of an apparatus for counting miarooigamsm 
colonies according to the present invention; 

Fig. 5 is a cut-away perspective view of a holder positioning means of 
30 tiie apparatus of Fig. 4; 

Fig. 6 is a cut-away perspective view highlighting a hoist and first 
conveyor means; 

Fig. 7 is a cut-away perspective \dew highlighting a second conveyor 
means, the predetermined or viewing portion, and the gection actuator; 
35 Fig. 8 is a cut-awi^ dde view of the am depicted in Fig. 7; 

Fig. 9, is a cut-away top view of the area depicted in Fig. 8; 
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Fig. 10 is a cut-away ^de view of an imaging systmi of the apparatus of 

Fig.4; 

Fig. 11 is a perspective view of a holdo- with a substantially planar 
substrate installed; 

5 Fig. 12isatopplanviewofatray which is used to support each holder 

within the holder positioning means; 

Fig. 13 is a perspective view of an alternative holder positioiung mean^ 

and 

Fig. 14 is a cut-^away perspective view of the holder of Fig. 13 
10 highlighting a hoist and first conveyor means. 

DETAILED DESCRimON 
Rearing to Fig. 1, a perspective view of a holder 20 according to the 
preset invention is illuistrated. The holder 20 is adapted for supporting a disix)sable 

15 nucrooiganism culturing medium having a substantially phinar substrate 21 (shown in 
. Fig. IIX and has a general^ planar bottom 22. Rising firom the bottom 22 is a side 
' wall 24 for retaining the substantial^ planar ^bstrate over the bottom. Side wall 24 has 
an overhanging portion 26 parallel to the bottom 22 for fiuther restraining the 
substantially planar substrate. It will be observed that the bottom 22 conveniently has 

20 openings 28 positioned under the overtianging portion 26 which fediitates the injection 
molding of the depicted embodiment. It will also be observed that the side wall 24 
extends slightly below the bottom 22 all around. This allows several advantages: 
fiictional force is reduced when it is desired that the holder 20 be ^ected firom the 
apparatus^ air is allowed to drculate under the holder, allowing a more consistent 

25 incubation of ihe substantially planar substrate 21, and less plastic dust is generated by 
repeated sliding of the holder in and out of the apparatus. Such dust can accumulate 
and make the counting of colonies more difficult. 

The side wall 24 has ends 30 and 32 defining a gq) in the side wall 
positioned so as to &dlitate sliding the substantially planar substrate between the 

30 bottom 22 and the overtian^g portion 26. A pair of projections 34 are attached to the 
bottom 22. Conveniratiy, the substantially planar substrate to be used with holder 20 
has a certain stiffiiess which urges it into a position so as to be restrained within the 
holder, bound betwew bottom 20, ade walls 24, overhanguig portion 26, and 
projections 34. However, preferred substantially planar substrates are not so stiff as to 

35 resist an operator bending one slightiy so as to dear projections 34, permitting the 
siibstantiaUy planar substrate to be withdrawn fix)m holder 20. In order to iadlitate 
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bending of the substantially planar substrate by an operator, hold^ 20 is conveniratly 
constructed mth a cut-out 36 in the bottom 22. 

Refening to Fig. 4, a perspective view of an apparatus 40 for counting 
microorganism coloiues according to the present invention is illustrated. The apparatus 
5 40 includes an incubator enclosure 42, v^ch has mounted on it an enclosure 44 for the 
ima^g system, a shdf 46 adapted for supporting holders which are to be inserted into 
the incubator enclosure, an enclosure 48 for an input mechanism 50 (seen in Fig. 8) for 
introducing holders on the shelf 46 into the incubator enclosure 42, and a hopper 52 for 
receiving holders that have been ejected from the incubator enclosure. An alternative 

10 input means, not illustrated, includes a cartridge capable of contauiing a plurality of 
holders in a stack. Such a cartridge may be attached or fitted to the input mechanism in 
order to transfer holders from the cartridge into the incubator enclosure. A 
microprocessor 53 is connected to the mechanisms within the incubator mdosiire 42. 
With multi-tasking, the nuoroprocessor can provide several control functions, serving as 

IS a control means for the mechanisms wMch move and qu^ the holders within the 
• incubator ^closure, as a way of controlling the timing of the taldng of images by the 
( camera, and as the counting means. The above referenced U.S. Patent application serial 
number 08/061,678, METHOD FOR THE EARLY DETECTION OF COLONY 
GROWTH, describes programming suitable for detecting and enumerating microbial 

20 colonies; the programming required to control the holder positioning means and the 
timing of the taking of video images depends on the user interfrice desired and on the 
exact physical arrangements and siang of components, but the expedients required are 
weU known to those of ordinary skiU in the prograninung art. 

Referring to Fig. 5, a cut-away, pmpective ^de view of the apparatus 

25 40 of Fig. 4 is illustrated. WttSm incubator enclosure 42 is a frame 54, whose walls 
define a first queuing area 56 and a second queuing area 58. Tliese quwing areas have a 
cross-section azed to support and contain a stack of trays 60 each sized to support one 
of the holders 20. While trays are not actually necessary for apparatus to work for its 
intended fimction, without them when adding or removing a holder fi^m the stack in 

30 second queuing area 58, the viewing distance from the ima^g means and the top 
. holder in the stack changes and must be compensated for in other ways. With trays that 
are just slightly taller than the holders supporting the holders, the stack height is ahvays 
the same no matter how many trays are filled with holders at the moment. A hoist 
means 62 is provided for lifting the stack of tr^ within the first queuing area 56, and a 

35 set of leaf springs 64 serve as a detoit means so tiiat the stack witiiin the first queuing 
area may be lifted and held temporarily. A first conveyor means 66 is provided for 
displadng a tr^ 60 at tiie bottom of a stack witiiin said second qu»ung area 58 to tiie 
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bottom of the first queuing area 56 into the space provided v/hen the rest of the stack of 
trays within the first quoung area 56 is being held in a raised position by the detent 
means 64. A second conveyor means 68 is prowled for moving a tray 60 at the top of a 
stack of trays within the first queuing area 56 to the top of the second queuing area 56. 
5 A stepper motor of conventional type, directed by microprocessor S3, 

is used to form a motive means which operates the various mechanical expedients above 
described in the proper order and manno" to accomplish the task of moving trays bearing 
the appropriate holder to the predetermined position 70 when required for imaging. As 
will be described with more particularity below, a Geneva mechanism is a usefijl 
10 expedient for cycling the hoist means 62 and the proper time within the cycle of the 
first 66 and second 68 conveyor means. A conventional D.C. motor may substitute for 
a stepper motor if some arrangement (e.g., a notched vAied and a photodetector looking 
for the notch) is provided to signal the nucroprocessor S3 when the conv^ors have 
fixushed their ^e. 

15 When activated, an input conveyor 50 ^illustrated in Fig. 9) draws a 

; hold^ 20 from a portion at the bottoni of a stack in shdf 46 into contact with drive 
wheels 74 and 76. The drive wheels 74 and 76 act to insert the new holder into an 
onpty tray 60 within the stack of trays supported by the fi'ame 54 at the top of second 
queumg area 58. When it is desired to gect a holder 20 fi-om the apparatus 40, ejection 

20 actuator 77 OUustrated in Fig. 8) is activated to move that holder into contact with drive 
wheels 76 and 80, wMch moves the holder out of its tray 60, through slot 82 ^illustrated 
in Fig. 4) and into hopper 52. A simple solenoid, which extends to nudge the holder 20 
mto contact vAtii the drive wheels 76 and 80, will be sufiBdent. An alternative input 
mechanism is illustrated in Figs. 13 and 14. In this annbodiement, a hold^ 20 is inserted 

25 in an empty txsy 60 in a dhecdon vAich is perpendicubr to the input direction illustrated 
in Figs. 5 and 9. 

Li order to very accurately po^on the tray 60 and holder 20 whidi is m 
predetermined position 70, a support cradle 78 is prodded. The oadle 78 is closed to 
receive a tray 60 wWch has been deliv^ed by the second conveyor means 68, and 

30 remains closed during the imaging ofthe holder 20. This care&l positioning allows a 
very consistent focal length as each holder 20 is imaged several times. After the ima^g 
is complete, cradle 78 opens and allows the tray 60 within it to fiill a short distance onto 
the stack within second quoting area 58. 

A driven motor shaft 124 attached to a main motor for providing energy 

35 to the first conveyor means 66, the second conve/or means 68, and the hoist means 62 
can be seea A system of tirning beks^ removed fi)r visual clarity, connects motor shaft 
124 to vAieds 122, 135, and 106 OUustrated in Fig. 6), respectively. 



-7- 



wo 95/16768 PCT/US94/14515 

Referring to Fig. 6, a cut-away perspective view of hoist 62 and first 
conv^or means 66 at the bottom of the queuing areas is illustrated. Various structures, 
including a portion of the flame 54 have beat rraioved for visual clarity. The hoist 
means 62 is convenient^ constructed with a first 94 and second 96 lift trucks bdng 
5 moved via eccentric cams 98 acting on a slot 100 in each lift tmck. The movement can 
be regulated by such expedients as a vertical rod 102 wMch is disposed within guide 
holes 104 on the lift trucks. Actuation of tiie hoist means 62 is convenientiy 
accomplished via a timing belt around wheel 106. Once the lift trucks 94 and 96 have 
lifted the stack of trays upwards, the trays push past leaf springs 64, which then spring 
10 bade to support the wdght of the stack on tiieir top surfaces 108, creating a gap at the 
bottom of the first queuing area 56, into which first conveyor means 66 can move one of 
the holders 20. 

The first conveyor means 66 includes a belt 110 having a raised 
projection 112 on its outside, portioned so that when bdt 110 is moved in direction 114 

15 around pulleys 116 and 118, the projection 112 v^l engage a holder 20 b^g on 
platfi>nn 120 and move it along the platform and onto lift trucks 94 and 96. 

Motive power for the first conveyor 66 is convenientiy pro\4ded via a 
timing belt engaging wheel 122, which turns pulley 118 \aa axle 124. A angle motor 
can control the motion of the hoist means 62 via wheel 106 and the first conveyor 

20 means 66 via wheel 122 if the power for the hoist means 62 is transduced through a 
Geneva mechanism to rapidly move the hoist means through its (yde at the proper 
moment in the first conveyor means' cycle and be stationary at other times. Input power 
to tiie Geneva mechanism 125 (located under platform 120, is ddh^ered \nsi a timing belt 
(removed for visual darity) aroimd wheell27. 

25 Referring to Fig. 7, a cut-away perspective view of second conveyor 

means 68, predetermined or viewing position 70, and cradle 78 at the top of the queuing 
areas are illustrated. Various structures, including a portion of the fiame 54 have been 
removed for visual clarity. The second conveyor means 68 includes a belt 126 havmg a 
raised projection 128 on its outside, positioned so that when belt 126 is moved in 

30 direction 130 around pulleys 132 and 134, the projection 128 will engage a tray 60, 
v/hidi may or may not be supporting a holder 20, fi'om the top of the stack in the first 
queuing area 56 and move it across to the top of the stack in the second queuing 
area 58. Motive power to move the second conveyor means 68 is supplied >aa a timing 
belt over wheel 135. 

35 Referring to Fig. 8, a cut-away ade view of tiie area dq)icted in Fig. 7 is 

illustrated. This view, particulariy illustrates how a holdo^ wluch has been moved by the 
input conveyor 50 illustrated in Fig. 9) into contact with drive wheels 74 and 76 would 
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be moved towards predetemuned position 70 and inserted into an empty tray 60 within 
the stack of trays supported the fiame at the top of second queuing area 58. A 
microprocessor controlling the apparatus may be programmed to only activate the input 
conveyor SO when an empty tray is in the predetemuned portion 70. Ttus may be 
5 accomplished either by storing the status of the trays in data memory, or by using the 
imaging means to view the tray briefty to determine whether it is empty. When it is 
desired to eject a holder 20 from the tray 60 in position 70, gection actuator 77 is 
activated to move that holder past the open end 137 of tray 60 and into contact with 
drive wheels 76 and 80, which moves the holder out of its tray 60 and from there out of 

10 the incubator enclosure 42. 

Referring to Fig. 9/a cut-away top view of the area depicted in Fig. 8 is 
iUustrated. The input conveyor SO has moved a hold^ 20 along shelf 46 and into 
contact with drive i^ed 74 so that holder 20 can be inserted into tr^ 60 in 
predetermined position 70. Input conveyor SO is moved by a motor 136, under control 

15 of a miaoprocessor, when insertion of a new holder 20 into the apparatus is desirable. 
Motor 136 turns dnvm wheel 138, moving belt 140 around idl^ 142 and 144, cauang 
: projection 146 to engage the end of holder 20, moving it towards drive wheel 74. 

Referring to Fig. 10, a light source 84 is mounted above portion 70 for 
producing light so as to strike the upper surface of a substantially planar substrate which 

20 is in a holder 20 in that position. A video camera 86 will be positioned so as to view a 
substantially planar substrate which is in a holder 20 in that predetermined position 70. 
A carousel 88 having several optical filters 90 is mounted between the predetermined 
portion 70 and the video camera 86 to allow the image to be filtered when the 
chemistry of the growtii and indicating media in the substrate is sudi that filtering the 

25 light reaching die ^ndeo camera 86 enhances the ability of a compute to interpret the 
image generated. The c^usel 88 is mounted on a stepper motor 92 so that it can be 
rotated as needed to provide any of several modes of filtering or none. 

Referring to Fig. 11, a po^ective view of a holder 20 with a 
substantially planar substrate 21 installed is illustrated. The natural stiffiiess of the 

30 substantially planar ^strate 21 causes it to be c^tured behind projections 34. 

Referring to Fig. 12, a top plan view of a tray 60 which is preferably 
used to support each holder 20 within the holder positioning means is illustrated. The 
tray 60 has a side wall 150 around three sides of its periphery, except for open end 137, 
which needs to be open to allow holder 20 to pass through and contact drive wheels 76 

35 and 80 when it is deared to gect the holder fix)m incubator enclosure 42. The trays are 
sized to fit within the first S6 and second S8 quoiing areas, and azed to dosdy, but not 
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bindingly, recdve one of the holders 20. In order to reduce wdght, a cut-out portion 
152 may be provided in the bottom 154 of the tray. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 Holders and trays suitable for use ^th the present invention can be 

fabricated from numerous mataials, but ligjd thermoplastic polymers which can be 
formed by injection molding are con^dered preferred. A certain amount of toughness in 
order to endure repeated handling by the operator and by the moving and queuing 
means is desirable, so plastics such as polycarbonate are considered particularly 
10 preferred. 

Mai^ different sorts of incubators are suitable for use vnth the present 
inventioa In particular, the suitability of the "Model T gravity convection incubator 
commerdally available from Predion Sdendfic, Inc. of Chicago, Illinois has been 
demonstrated by a phydcal trial. 
IS With regard to the imaging system, a very steady light source is 

particulariy desirable. Considered suitable for use Avith the present invention are 
\ "F6T5-CW" fluorescent tubes, commerdally available from General Electric Co., driven 
by a predion power source, model "FX0416*2", commerdally available from Mercron, 
of Richardson, Texas. 

20 Charge coupled video cameras are considered particularly suitable for 

use with the present invention, such as the "XC-77" black-and-white camera 
commerdally available from Sony Coip., of Japan. When filtering is dedrable, 
band-pass interference filters are prefixed, sudi as those commercially available from 
Corion, ofHolliston, MA. 

25 A more complete desoiption of disposable devices for culturing 

imcroorganism such as PETRIFILM culture plates is described in U.S. Patent 4,565,783 
to Hansen et al. Additional chemistries which may be used with the imaging means 
contemplated by the present invention are reported in U.S. Patent 5,364,766 and U.S. 
Patent applications serial number 08/292,494 filed August 18, 1994 and serial number 

30 08/292,784filedAugust 18, 1994. 

While certain embodiments of the present invention have been described 
in detail herein and as shown in the accompanying Drawings, it will be evident that 
various further modifications are possible without departing fix)m the scope of the 
inventioa For example; alternative holder and queuing systems such as specifically 

35 adapted carousel apparatus may be conibined ^th the presently described holders, 
imaging means, and counting means of this inventioa 
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CLAIMS 

1. An apparatus for counting microoiganism colonies on at least one 
disposable nucrooiganism culturing medium having a substantial^ planar substrate, the 

5 substrate adq}ted to fit within and be supported by a holder comprising: 

a) imaging means for detecdng colonies on the substantial^ planar 

substrate; and 

b) holder positioning means for storing and quoiing one or more 
holders, and adapted for mo\dng the holders sequentially into a predetermined portion 

10 relative to the imaging means; \sdierein the holder positioning means comprises 

0 a fiwe defining a first queuing area and a second 

queuing area; 

ii) hoist means for adjusting the height of one or more 
holders stacked within the first queuing area; 
15 Si) first conveyor means for displadng a holder at the 

. bottom of a stack within the second quetung area to the bottom of the second qu^m^ 
area; 

iv) second conveyor means fyt displadng a holder at the 
top of a stadc within the first queuing area to the top of the second queuing area; and 
20 v) control means for operating the hoist means and the first 

and second conveyor means in a predetermined sequence. 

2. An apparatus according to clsum 1 wherein the holder positioning means 
fiirther comprises 

25 a) means fi>r inserting an additional holder into a stadc of the 

holders in the first or second queuing area, and 

b) means for removing a sdected holder from a stadc of the 
holders in the first or second quoting area. 

30 3. An apparatus according to claim 1 wherein the holder positioning means 

fiirther comprises a plurality of trays sized to fit within the first and second queuing 
areas, and sized to closely, but not bindingly, receive one of the holders, v^erein each of 
the holders is supported wiUiin a stack of the trays within the first and second queuing 
areas. 

35 

4. An apparatus according to daim 1 wherein the holder positioning means 
fiirther comprises an incubator enclosing the fiame. 
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5. An apparatus according to daim 1 w^ierein the imaging means 
comprises 

a) a light source producing light striking an upp^ surface of a 
substantially planar substrate whidi is in the holder in the predetermined portion, and 
5 b) a \ddeo camera positioned so as to ^ew a substantially planar 

substrate which is in the holdo* in the predetermined position. 

6. A method of imaging microorganism colonies on at least one disposable 
n^croorganism culturing medium having a substantial^ planar substrate compriang the 

10 steps of: 

a) providing one or more holders adiqyted to support the 
substantially planar substrates; 

b) queiung and moving the holders sequentially into a 
predetermined position in an apparatus of claim 1 at two or more predetermined times; 

15 and 

c) imaging the substantial^ planar substrates in the predetermined 
position at the predetmnined times and storing information about the images so 
obtained. 

20 7. A method according to claim 6 further comprising the step of incubating 

die substantially planar substrates between the predetermined times. 

8. A metiiod according to daim 7 wherdn the incubating step is performed 
within an incubator enclosure having a frame therdn, the fiwie defining a first queuiiig 

25 area and a second queuing area» and the quoiing and moving step comprises queuing 
the holders witiiin a stack of trays witiiin the first and second queuing areas. 

9. A method according to daim 6 wherdri the irnaging step is perfonned 

with: 

30 a) a light source producing light striking an upp&r surfece of a 

substantially planar substrate which is in the holder in the predetermined portion, and 

b) a video camera portioned so as to view a substantially planar 
substrate vMdti is in the holder in the predetermined positioa 
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10. A holder ad^ted for supporting a disposable nucroorganisin culturing 
medium having a substantially planar substrate compii^g a genmlly planar bottom 
having a side wall attached th^^o, the side wall having an oveiiianging portion parallel 
to the bottom for removabty restraixung the substantially planar substrate adjacent to the 

5 bottom. 

11. A holder according to clmm 10 wherein the side wall has a gap 
portioned so as to facilitate placing the substantially planar substrate between the 
bottom and the overiianging portion, and at least one projection attached to the bottom, 

10 vdierdn the stifSiess of the substantially planar substrate uiges it into a position so as to 
be restrained witiun the holder, but wherdn the substantially planar substrate may bend 
to &dlitate withdrawal of the substantially planar substrate from the holder over the 
projection. 
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Fig. 5 



^10 



wo 95/16768 



PCT/DS94/14S1S 




wo 95/16768 



PCT/US94/14S15 




wo 95/16768 



PCTAJS94/14515 




wo 95/16768 



PCT/DS94/14515 




wo 95/16768 



PCTAJS94/14515 




wo 95/16768 



PCTAJS94/14515 




wo 95/16768 



PCT/DS94/14515 




INTERNATIONAL SEARCH REPORT 



Intemat) i Application No 

PCT/uS 94/14515 



A. OASSIHCATION OF SUBIECT MATim 

IPC 6 C12M1/34 G01N35/00 



According to Intemalional Patent Qasafication (IPQ or to both national classirication and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system ToUowed by dasdficatiott symboU) 

IPC 6 C12M GOIN 



Documematio& seaidied other than minimum documentation to die extent that such documents are induded in the fields seardied 



BecdDnie dau base consulted during the international seardi (name of data base and, where practical, search tenns used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Qtation of document, with indication, where appropriate, of the rdevant passages 



Rdevant to claim No. 



EP.A.O 088 601 (EASTMAN. KODAK COMPANY) 14 

September 1983 

see claims; figure 2 

EP.A.O 397 256 (EASTMAN KODAK COMPANY) 14 
November 1990 

see column 9, line 39 -column 10, line 6; 
figures 8.14 

EP.A.O 429 030 (BEHRINGWERKE) 29 May 1991 
see column 2, line 55 - column 3, line 33; 
figure 3 

W0,A,94 26926 (MINNESOTA MINING AND 
MANUFACTURING COMPANY) 24 November 1994 
cited in the application 
see abstract; figure 



1-9 



1-4 



1-4 



10,11 



m 



Further documents are bated in the coniiiiualion of box C 



m 



Patent family members are listed in annex. 



* Special categories of cited documents : 

*A' document defining the general state of the art wMch is not 

considered to be of particular relevance 
'E* earlier document but published on or after the international 

filing date 

*L* document which roay throw doubts on priority daini(s) or 
which is dted to establish the publication date of another 
citation or other special reason (as specified) 

'O' document referring to an oral disclosure, use, exhibitioo or 
other means 

'p* document published prior to the intematianal filing date but 
later than the prioril^ date claimed 



T later document published after the international filing date 
or priority daU and not in oonilict with the applicanon but 
dte^ to understand the prind]de or theory undertying the 

invention 

"X' docvcment of particular relevance; the daimed invention 
cmnot be considered novel or cannot be conadered to 
involve an inventive step when the document is taken alone 

"Y* documeot of particular relevance; the daimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other docu- 
ments, such conabination being obvious to a person skilled 
in the ait. 

*&' document member of the same patent family 



Date of ttie actual completion of the international search 



21 April 1995 



Name and mailiiig address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL • 2280 ifV Riiswijk 
Td^-t- 31*70) 340-2(M0,'nc 31 651 cponU 
Fax: (-f 31-70) 340-3016 



Date of mafling of the international search report 



04.05.95 



Autboxized officer 



Be van, S 



Form PCT/ISA/210 (icond ibMt) (July 190) 



page 1 of 2 



INTERNATIONAL ShAKCH KbFUKl Application No 

PCT/US 94/14515 


C^Continiiation) DOCUMENTS CONSIDERED TO BE RELEVANT 




Category' 


atation of document, with indicaiion. where appropriate, of the relevant passages 




X 


EP»A,0 547 709 (EASTMAN KODAK COMPANY) 23 

June 1993 , 

see column 4, line 18 - column 5, line 15; 

figures 


10,11 



Form PCT/ISA/210 (oontiauition of ttwo6 ttotM) (JttJy 1992) 

page 2 of 2 



INTERNATIONAL SEARCH REPORT 

i...,jniu(iion on patent family members 


Interna Application No 

PCT/US 94/14515 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 



EP-A-088601 14-09-83 US-A- 4424191 03-01-84 

CA-A- 1174872 25-09-84 

JP-C- 1691180 27-08-92 

JP-B- 3052828 13-08-91 

JP-A- 58161867 26-09-83 



EP-A-397256 



14-11-90 



EP-A-429030 



29-05-91 



CA-A,C 

CA-A»C 

OE-D- 

DE-T- 

DE-D- 

EP-A- 

HK-A- 

JP-A- 

JP-A- 

US-A- 

US-A- 



DE-A- 
AT-T- 
AU-B- 
AU-A- 
CA-A- 
DE-D- 
ES-T- 
JP-A- 
US-A- 



2014647 
20155*10 
69006905 
69006905 
69014980 
0397255 
55294 
3063572 
3063573 
5330716 
5089418 



3938565 
107192 
624749 
6673190 
2030304 
59006136 
2056346 
3183469 
5149654 



09-11-90 
09-11-90 
07-04-94 
15-09-94 
26-01-95 
14-11-90 
03-06-94 
19-03-91 
19-03-91 
19-07-94 
18-02-92 



23-05-91 
15-07-94 
18-06-92 
30-05-91 
22-05-91 

21- 07-94 
01-10-94 
09-08-91 

22- 09-92 



WO-A-9426926 


24-11-94 


US-A- 
AU-B- 


5364766 
6626994 


15-11-94 
12-12-94 


EP-A-547709 


23-06-93 


US-A- 


5329686 


19-07-94 




CA-A- 


2084731 


20-06-93 






JP-A- 


5249105 


28-09-93 



Fonn PCT/lSA/310 (pitent ftmOy «iiii«x> (July 1993) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



